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gleld of the InvftBttaa 

The present invention is related to a method 
for inducing viral resistance into a cell and a plant, 
especially BNYW- resistance into a sugar beet cell and 
15 plant . 



Background of the lnvrnition and «t»t« »f »>»» ^ rr , 

The widespread viral disease of the sugar 
beet plant (Seta vu/g/flris) called Rhizomania is caused by a 
20 benyvirus, the beet necrotic yellow vein virus (BNYW) (23, 
24) which is transmitted to the root of the beet by the 
soil borne fungus Palvmw* frnfiflff (25) . 

The disease significantly affects acreages 
where the sugar beet plant is grown for industrial use in 
25 Europe, USA and Japan and is still in extension in several 
places in Western Europe (2 6, 27) . As there exists no 
practical method to effectively control the spread of the 
virus at a large scale by chemical or physical means (28) , 
neither in the plants nor in the soil, the main focus has 
SO been to identify natural sources of resistance within the 
sugar beet germplasm and to develop by breeding, varieties 
of sugar beet plants expressing the resistance genes. A 



variety of such tolerance genes to the virus have been 
identified and, some have been successfully used in the 
breeding of commercial sugar beet varieties {29, 30 , 31 J . 

Only the use of BNYW-resistant or tolerant 
5 varieties will enable farmers to grow sugar beet plants in 
BNYW- infected areas where the sugar beet plant is an 
essential component of the crop rotation and contributes 
significantly to the grower ! s income. 

A number of detailed studies have shown that 
10 a difference in susceptibility to the BNYW- infection among 
sugar beet genotypes or varieties, generally reflect 
difference in the diffusion or translocation of the virus 
in the root tissues (32) . 

However, there are still few reports which 
IS indicate clearly that the tolerance genes, even from 
differing sources of sugar beet germplasm or wild relatives 
germplasm (33) , would provide distinct mechanisms of 
resistance. Such a situation would represent a more 
manageable situation to design long lasting BNYW- 
20 resistance strategies. 

Since 1986, a number of reports and 
publications have described the use of isolated viral gene 
sequences expressed in plants to confer a high level of 
tolerance against the virus or even to confer a broad 
25 spectrum type of resistance against a number of related 
viruses (34, 35, 36) . One of the most documented viral 
resistance strategy based on genetic engineering, in many 
cultivated species such as potato, squash, cucumber or 
tomato, is the use of the viral gene sequence which under 
3 0 the control of plant regulatory elements, encodes the coat- 
protein of the target virus (37) . 



However, for coat -protein mediated 

resistance, the expression of a certain level of resistance 
in the transgenic plant might be attributed to different 
mechanisms such as RNA co- suppression and not necessarily 
5 to the production of the protein sequence. 

In general/ the virus sequence will be 
transferred in an appropriate cell or tissue culture of the 
plant species using an A^raha g^rium mediated 
transformation system or a direct gene transfer method 
10 according to the constraints of the tissue culture or cell 
culture method which can be successfully applied in a given 
species. A whole plant will be regenerated and the 
expression of the transgene will be characterized. 

Though sugar beet is known as a recalcitrant 
15 species in cell culture, limiting the extent of practical 
genetic engineering applications in that species, there are 
number of isolated reports of successful transformation and 
regeneration of whole plants (3 8) . A few examples of 
engineering tolerance to the BNYW by transforming and 
20 expressing the BNYW coat -protein sequence in the sugar 
beet genome have also been published (39 r W091/13159) 
though they rarely report data on whole functional 
transgenic sugar beet plants (40) . In particular , reports 
show limited data on the level of resistance observed in 
25 infected conditions with transgenic sugar beet plants 
transformed with a gene encoding a BNYW coat -protein 
sequence (41, 42) . 

A complete technology package including a 
sugar beet transformation method and the use of the 
30 expression of the BNYW coat -protein sequence as resistance 
source in the transgenic sugar beet plant obtained by said 



transformation method hae been described in the Patent 
Application W091/13159. 

Based on the information published, it can 
not be concluded that the coat -protein mediated resistance 
5 mechanism provides any potential for conferring to the 
sugar beet plant a total immunity to the BNYW- infect ion by 
inhibiting completely the virus multiplication and 
diffusion mechanisms. To identify a resistance mechanism 
which significantly blocks the spread of the virus at the 
10 early stage of the infection process would be a major step 
toward successfully developing such a transgenic 
resistance. In addition, such resistance would diversify 
the mechanisms of resistance available. 

Because the disease is shown to expand in 
15 many countries or areas, at a speed depending upon the 
combination of numerous local environmental and 
agricultural factors, there is a strong interest 
diversifying genetic resistance mechanisms which may, alone 
or in combination, confer a stable and long lasting 
20 resistance strategy in the current and future varieties of 
sugar beet plants which are grown for industrial use. 

The genome of beet necrotic yellow vein 
benyvirus (BNYW) consists of five plus- sense RNAs, two of 
which (RNAs l and 2) encode functions essential for 
25 infection of all plants while the other three (RNAs 3, 4 
and 5) are implicated in vector-mediated infections of host 
plants ( flgta aiacrGcars?* , Beca vulgaris, spina***** n?pr^ 
ChenQSQdiim mlnoa, etc.) roots (1) . Cell-to-cell movement 
of BNYW is governed by a set of three successive, slightly 
30 overlapping viral genee on RNA 2 known as the triple gene 
block (TGB) (2), which encode the viral proteins P42, P13 
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and P15 (gene products are designated by their calculated 
M r in kilodalton (3) . 

In the following description, the TGB genes 
and the corresponding proteins will be identified by the 
5 following terms: TGB1, TGB2, TGB3 or by their encoded viral 
protein number P42, P13 and P15, TGB counterparts are 
present in other plant viruses and the characteristics of 
their TGB have allowed the classification of said viruses 
in two groups: the viruses of group I which include 
10 hord€i viruses, benyviruses, pecluviruses and pomoviruses 
and the viruses of group II represented by potexviruses and 
carlaviruses (4, 5, 6, 44) . 

For the viruses of group II, capsid protein 
is also involved in the cell-to-cell movement of viruses. 
15 The development of a resistance to viral 

infections into a plant by blocking the cell-to-cell 
movement has been described for the potato viruses X (PVX) 
(45) and for the white clover mosaic virus (WC1MV) (46) in 

Nicotians h ^ nt:h ^mi^a These two viruses belong to the 

20 above -described group II. In both cases, various amino 
acids were replaced by Alanine in the hydrophilic part of 
the TGB sequence downstream of the N-terminal hydrophobic 
domain of said amino acid sequence. However, it was not 
possible with said mutants to obtain total resistance, 
25 especially when a virus challenger concentration is 
increasing into the plant. 



Alma oi the layout 4. pa 

The present invention aims to provide a new 
method for introducing various viral resistances into a 
cell and a plant and the viral resistant cell and plant 



30 



obtained 
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A main aim of the invention is to provide a 
new method for introducing BNYW resistance into a cell and 
a plant and the BNYW- resistant cell and plant, in 
particular a sugar beet cell and plant ( Beta vulgar i* 
5 asp. ) , obtained. 



agmaiflgy of th* invent loo 

The present invention provides the use of em 
alternative sequence of plant virus, especially the BNYW, 
10 to obtain a high degree of tolerance to the viral 
infection, in particular to ensure a rapid and total 
blocking of virus multiplication and diffusion mechanisms 
in a plant, especially in the sugar beet plant ( Beta 
YU2ffflrifl) , including fodder beet, Swiss chard and table 
15 beet, which may also be subject to this viral infection. 
Expression of the resistance will be obtained in transgenic 
cell and plant, especially sugar beet cells and plants 
produced by the transformation method subject to the Patent 
Application WO9S/10178 or by other transformation methods 
20 based on a groha rr t eri urn t um&fa cieng or direct gene transfer. 
Because of its high efficiency, the transformation method 
as described in WO95/10178 enables the production of large 
numbers of transformed plants, especially sugar beet 
plants, and will be preferred to develop transgenic plants 
25 which may be analysed and characterized for their level of 
viral resistance, especially BNYW Resistance, including 
their field evaluation. 

In the table l are represented viruses having 
a TGB2 sequence, the molecular weight of TGB2 of said 
30 viruses, their host and references. 



Virus 


Size 01 
TGB2 
(kDa) 


E Host 


Reference 






oeec necrotic yellow 
vein virus 


13 


beet 


Bouzouba et al . , j\ 
Gen. Vl2rol. 67, 
1689-1700 (1986) 


Barley stripe moaaic 
virus 


14 


barley 


Gkistafeon et al., 
Micl. Acids Jees. 14, 
3895-3909 (1986) 


potato mop top virus 


13 


potato 


Scott et al., J". 
Gen* Virol. 75, 
3561-3568 (1994) 


Peanut clump virus 


14 


peanut 


Merzog ec ai. , j m 
Gen. Virol. 75 , 
3147-3155 (1994) 


Beet soil -borne virus 


13 


sugar 
beet 

i 


Koenig et ai., 
Virology 216, 202- 
207 (1996) 


GROUP XI 




Apple stem pitting virus 


13 


apple 


Jelfcman, «7. Gen, 
Wro2. 75, 1535-1542 
(1994) 


Blueberry scorcn virus 


12 


blue- 
berry < 


Cavileer et al . , J". 
Gen. Virol. 75, 711- 
720 (1994) 


Potato virus M 


12 i 


potato l 
< 


Savriev et al . , J. 
Scii, Virol. 72, 9-14 
(1991) 


White clover mosaic ] 
virus 


L3 c 


: lover I 
2 


r orster et al., 
Tad. Acids Res. 16 , 
91-303 (1988) 


Cymbldzum mosaic virus l 


4 c 


>rchid K 

i: 


reo et al., Riant 
tel. Biol. 18, 1027- 
029 (1992) 



The Inventors propose herewith a new method 
for providing resistance to plant viruses into a plant by 
blocking virus multiplication and diffusion mechanisms into 
said plant, especially into its root tissue. In order to 
demonstrate said resistance, the Inventors describe 
hereafter the effect of the over express ion of TGB2 sequence 
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alone or in combination upon BNYW multiplication and 
diffusion mechanism in plants of C. guinea which are also 
the hosts of the BNYW virus and which could be more easily 
manipulated by the man skilled in the art. 
5 it is known that BNYW does not require 

synthesis of viral coat protein for production of local 
lesions on leaves of hosts such as CheflC-PC-tfium guinea (?) / 
indicating that virion formation is not required for cell- 
to-cell movement. 

10 However, the manner in which the TGB 

components assist in the movement process is not understood 
although computer-assisted sequence comparisons have 
detected characteristic conserved sequences which may 
provide clues to their function. Thue, the S' -proximal TGB 

15 protein (TGB1) invariably contains a series of sequence 
motifs characteristic of an ATP/GTP-binding helicase while 
the second protein (TGB2) always has two potentially 
membrane -spanning hydrophobic domains separated by a 
hydrophilic sequence which contains a highly conserved 

20 peptide motif of unknown significance (6) . 

So far, no example has been reported of a 
virus of group I in which the three TGB members are 
arranged differently on the same RNA or are parcelled out 
to different genome RNAs, suggesting that their association 

25 in a particular order might be important in regulating 
their function. 

The present invention concerns a method for 
inducing viral resistance to a virus of group I comprising 
the triple gene block (TGB2) . Said viruses of group I 

30 comprise hordeiviruses , benyviruses, pecluviruses and 
pomoviruses, preferably viruses selected from the group 
consisting of the beet necrotic yellow vein virus, the 
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15 



20 



25 



30 
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barley stripe mosaic virus, the potato mop top virus, the 
peanut clump virus and the beet soil -borne virus; said 
method comprises the following steps: 

- preparing a nucleotide construct comprising a nucleotide 
sequence corresponding to at least 70% of the wild-type 
nucleotide sequence of TGB2 of said group l virus or its 
corresponding cDNA, being operably linked to one or more 
regulatory sequence (s) active in a plant, 

- transforming a plant cell with the nucleotide construct, 
and possibly 

- regenerating the transgenic plant from the transformed 
plant cell. 

Advantageously, the nucleotide sequence 
corresponding to at least 70% of the wild-type nucleotide 
sequence of TGB2 or its corresponding cDNA comprise the 
substitution of at least one amino acid into another 
different amino acid in the TGB2 wild-type sequence SEQ ID 
NO. 1 (Pig. l> . Preferably, the substitution of at least 
one amino acid into another different amino acid is made in 
regions rich in hydrophilic amino acids usually present at 
the surface of the corresponding protein in its native 
configuration. Preferably, a modification is made in the 
hydrophilic region of the wild-type sequence downstream the 
N-terminal hydrophobic domain and just upstream the 
conserved central domain. 

According to a preferred embodiment of the 
present Invention, said amino acids are each substituted by 
the amino acid Alanine. 

Preferably, the plant or plant cell is a 
plant or plant cell which may be infected by the above- 
described virus and is preferably selected from the group 
f Stlng ° f P ° tat °' barle y< P^nut and sugar beet. 
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The present invention concerns also the 
obtained plant cell and transgenic (or transformed) plant 
(made of said plant cells) resistant to said viruses and 
comprising said nucleotide construct. 

The inventors have also discovered 
unexpectedly that it is possible to induce BNYW- resistance 
into a plant by a method which comprises the following 
steps : 

- preparing a nucleotide construct comprising a nucleotide 
sequence corresponding to at least 70%, preferably at 
least 80%, more preferably at least 90%, of the wild-type 
nucleotide sequence comprised between the nucleotides 
3287 and 3643 of the 5' strand of the genomic or 
Bubgenomic wild-type RNA 2 of the BNYW or its 

15 corresponding cDNA, being operably linked to one or more 
regulatory sequence (a) active in a plant, 

- transforming a plant cell with said construct, and 
possibly 

- regenerating a transgenic plant from the transformed 
20 plant cell . 

The nucleotide sequence comprised between the 
nucleotides 3287 and 3643 of the 5' strand of the genomic 
or eubgenomic RNA 2 encoding the P13 protein is described 
in the Fig. 1 (SEQ ID NO. 1). A preferred mutated 
25 nucleotide sequence and its corresponding mutated amino 
acid sequence are described in the following specification 

as SEQ ID NO. 3 (Pig. 2) . 

Another aspect of the present invention 
concerns a plant cell and a transgenic plant (made of said 
30 plant cells) resistant to BNYW and comprising a nucleotide 
construct having a nucleotide sequence corresponding to at 
least 70%, preferably at least 80%, more preferably at 
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least 90%, of the nucleotide sequence comprised between the 
nucleotides 3287 and 3643 of the 5' strand of the genomic 
or subgenomic wild-type RNA 2 of bnyw or its corresponding 
cDNA, being operably linked to one or more regulatory 
S sequence (s) active in the plant. 

Preferably, said plant cell or transgenic 
plant (made of said plant cells) resistant to BNYW is 
obtained by the method according to the invention. 
B The variants of the wild-type nucleotide 

10 sequence < S EQ id NO. 1) comprise insertion, substitution or 
deletion of nucleotides encoding the same or different 
amino acid(s) <s ee Fig. 2). Therefore, the present 
invention concerns also said variants of the nucleotide 
sequence of SBQ ID NO. 1, for example SEQ ID NO. 3, which 
15 present at least 70%, preferably at least 80%, more 
preferably at least 90%, homology with said nucleotide 
sequence and which are preferably able to hybridise to said 
nucleotide sequence in stringent or non-stringent 
conditions as described by Sambrook et al., SS 9.47-9.51 in 
20 Molecular dcnin g : A Laboratory Manual, Cold Spring 
Harbor, Laboratory Press, Cold Spring Harbor, New York 
(1989) . 

A nucleotide sequence corresponding to at 
least 70%, preferably at least 80%, more preferably at 
25 least 90%, of the nucleotide sequence comprised between the 
nucleotides 3287 and 3643 of the 5' strand of the genomic 
or subgenomic wild-type RNA 2 of BNYW or its corresponding 
CDNA, is preferably a sequence comprising a substitution of 
at least one amino acid into another different amino acid 
30 in the wild-type RNA2 sequence of the BNYW or its 
corresponding cDNA. Preferably said substitution is made in 
— — — ?ili| nS in which hydrophilic amino acids are usually 
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present at the surface of the protein in its native 
configuration (47) as described in Pig. 2 (A - substitution 
by Alanine) . Preferably, said substitution of one or more 
amino acids is a mutation which allows the substitution of 
5 one or more amino acids into one or more Alanine amino 
acids . 

According to a preferred embodiment of the 
present invention, said nucleotide sequence is SBQ ID 
NO. 3 . 

10 Preferably, said sequences are also able to 

Induce BNYW resistance into a plant. 

The terms "induce a viral resistance into a 
plant" mean inducing a possible reduction or a significant 
delay into the appearance of infection symptoms, virus 

15 multiplication or its diffusion mechanisms into the plant, 
especially in the root tissues. 

In Fig. 3 are represented results showing the 
capacity of a plant coinoculated with virus containing a 
replicon construct with the nucleotide sequence according 

20 to the invention, especially the sequence SEQ ID NO. 3, to 
inhibit the movement by BNYW in (7, gulflQa. The infectious 
factor of BNYW is shown by the appearance of local lesionB 
of leaves of said plant after co- inoculation of wild-type 
virus S12. Fig. 3 presents the number of local lesions upon 

25 leaves of a plant by a BNYW S12 isolate (comprising RNA1 
and RNA2) when co- inoculated with various repl icons 
incorporating either mutated sequences including SBQ ID NO. 
3 identified in Pig. 2 or a wild-type nucleotide sequence 
(T) . 

30 Bight days after said inoculation, the local 

lesions are identified. The results of three experiments 
show that the decreasing of said effect is mostly observed 
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with the co- inoculation of the mutated sequence SEQ ID NO. 
3 (up to 100% inhibition) . This effect is not due to a 
possible blocking effect upon RNA1 and RNA2 replication, 
but the repl icons according to bhe invention allow a 
5 blocking of the biochemical mechanisms involved in cell-to- 
cell movements by the infectious virus. 

The regulatory sequence (s) of the nucleotide 
sequence according to the invention are promoter 
sequence (s) and terminator sequence (s) active into a plant. 
10 The nucleotide construct may also include a 

selectable marker gene, which could be used to identify the 
transformed cell or plant and express the nucleotide 
construct according to the invention. 

Preferably, the cell is a atomatal cell and 
IS the plant is a sugar beet (Jter-a ^w p ^7 B 0flfp . ) made of said 
cells. 

According to the invention, the promoter 
sequence is a constitutive or foreigner promoter sequence. 
Examples are 35S Cauliflower Mosaic Virus promoter 

20 sequence, PolvubimijtH n j M hM np .j ff thaHaua V~ — r (43), 

a promoter which is mainly active in root tissues such as 
the par promoter of the haemoglobin gene from Pemaponia 
anderaonii (Landsman et al., Mol. Gen. Genet. 214 : 68-73 
(1988)) or a mixture thereof. 
25 A last aspect of the present invention is 

related to a transgenic plant tissue such as fruit, stem, 
root, tuber, seed of the transgenic plant according to the 
invention or a reproducible structure (preferably selected 
from the group consisting of calluses, buds or embryos) 
30 obtained from the transgenic plant or the cell according to 
the invention. 



14 



The techniques of plant transformation., 
tissue culture and regeneration used in the method 
according to the invention are the ones well known by the 
person skilled in the art. Such techniques are preferably 
the ones described in the International Patent Applications 
W095/10178 or W09 1/13 159 corresponding to the European 
Patent Application EP-B-0517833, which are incorporated 
herein by reference. These techniques are preferably used 
for the preparation of transgenic sugar beets according to 
10 the invention. 



5 
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MATMS 

1» Method for inducing resistance to a group 
I virus comprising a TGB2 sequence into a plant cell or a 
plant, comprising the following steps: 
S - preparing a nucleotide construct comprising a nucleotide 
sequence corresponding to at least 70% of the nucleotide 
sequence of TGB2 of said virus or its complementary cDNA, 
being operably linked to one or more regulatory 
sequence (a) active in a plant, 
10 - transforming a plant cell with the nucleotide construct, 
and possibly 

- regenerating a transgenic plant from the transformed 
plant cell > 

2. Method according to the claim 1, 
15 characterized in that the nucleotide sequence of the 
nucleotide construct corresponds to at least 80%, 
preferably at least 90%, of the nucleotide sequence of TGB2 
of said virus or its complementary cDNA. 

3 • Method according to the claim 1 or 2 f 
20 characterized in that the group I virus is selected from 
the group consisting of hordSiviruses , benyviruses , 
pecluviruses and pomoviruses, preferably selected from the 
group consisting of the beet necrotic yellow vein virus, 
the barley stripe mosaic virus, the potato mop top virus, 
25 the peanut clump virus and the beet soil-borne virus ♦ 

4 . Method according to any of the preceding 
claims, characterized in that the plant cell is a stomatal 
cell. 

5. Method according to any of the preceding 
30 claims, characterized in that the plant is selected from 

the group consisting of sugar beet , potato, barley or 
peanut • 
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6. Method according to claim l or 2, 
characterized in that the virus i S BNYW, the nucleotide 
sequence of TGB2 of said virus is comprised between the 
nucleotide 3287 and 3643 of the 5' strand of genomic or 
5 subgenomic RNA 2 of the BNYW and the plant is a beet, 
preferably a sugar beet (seta vulgaris) . 

7. Method according to any of the preceding 
claims, characterized in that the regulatory sequence 
comprises a promoter sequence or a terminator sequence 

10 active in a plant. 

8. Method according to claim 7 characterized 
in that the promoter sequence is a constitutive or a 
foreigner promoter sequence. 

9. Method according to the preceding claim 7, 
15 characteri 2 ed in that the promoter sequence is selected 

from the group consisting of 35S Cauliflower Mosaic Virus 
promoter, and/or the polyubiquitin Arabidopsis thaliana 
promoter . 

10. Method according to any of the claim 7 to 
20 9, characterized in that the promoter sequence is a 

promoter which is capable of being active mainly into the 
root tissues of plants, such as the par promoter of the 
haemoglobin gene from Perosponia andersonii . 

11. Transgenic plant resistant to a group I 
25 virus comprising a nucleotide construct having a nucleotide 
sequence corresponding to at least 70% of the nucleotide 
sequence of TGB2 of said virus or its corresponding cDNA. 
being operably linked to one or more regulatory sequence (s) 
active in a plant. 

30 12 • Transgenic plant according to the claim 

11, characterized in that the nucleotide construct has a 
nucleotide sequence corresponding to at least 00% 



preferably at least 90%, of the nucleotide sequence of TGB2 
of said virus or its complementary cDNA. 

13. Transgenic plant according to the claim 
11 or 12, characterized in that the virus is selected from 
5 the group consisting of horde iviruses, benyviruees, 
pecluviruses and pomoviruses, preferably selected from the 
group consisting of the beet necrotic yellow vein virus, 
the barley stripe mosaic virus, the potato mop top virus, 
the peanut clump virus and the beet soil -borne virus. 

10 14. Transgenic plant according to the claims 

11 to 13 being a plant selected from the group consisting 
of sugar beet, potato, barley or peanut. 

15. Transgenic plant according to the claims 
11 or 12, characterized in that the transgenic plant being 

15 a beet, preferably a sugar beet (RffEfl vu2gflrjg) the virus 
is BNYW and the nucleotide sequence of TGB2 of said virus 
is comprised between the nucleotides 3287 and 3643 of the 
5- strand of genomic or subgenomic RNA 2 of BNYW or its 
corresponding cDNA. 

20 16. Transgenic plant according to any of the 

preceding claims 11 to 15, characterized in that the 
regulatory sequence comprises a promoter sequence and a 
terminator sequence active in a plant. 

17 . Transgenic plant according to any of the 
25 preceding claims 11 to 16, characterized in that the 

regulatory sequence (b) comprise a promoter sequence which 
is a constitutive or a foreigner promoter sequence. 

18. Transgenic plant according to the claim 
17, characterized in that promoter sequence is selected 

30 from the group consisting of 35S Cauliflower Mosaic Virus 
promoter, and/ or the polyubiquit in flrflh-jdopflig — ftha] i an a 
promoter . 



19. Transgenic plant according to claim 17 or 
IB characterized in that the promoter sequence is a 
promoter which is capable of being active mainly into root 
tissues, such as the par promoter of the haemoglobin gene 
from Perosponia an^r^nfj. 

20. Transgenic plant tissue selected from the 
group consisting of fruit, stem, root, tuber, seed of a 
plant according to any of the preceding claims 11 to 19. 

21. Transgenic plant according to any one of 
the claims 11 to 19, characterised in that it further 
carries natural tolerance to Group I viruses. 

22 . Transgenic plant according to any one of 
the claims ll to 19 and 21, characterised in that it 
further comprises a pesticide, herbicide or fungicide 

15 resistance, preferably a resistance selected from the group 
consisting of nematode resistance, glyphosate resistance, 
glufosomate resistance and/or acetochloride resistance. 
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ABSTRACT 



MHTHQD PGR XNDUCIMfl VTttAL RBflTflTAKGE TTJTfi A PT.AWT 

5 The present invention concerns a method for 

inducing resistance to a virus comprising a TGB2 sequence 
into a cell plant or a plant, comprising the following 
steps ; 

- preparing a nucleotide construct comprising a nucleotide 
10 sequence corresponding tc at least 70% of the nucleotide 

sequence of TGB2 of said virus or its complementary cDNA, 
being operably linked to one or more regulatory 
sequence (s) active in a plant, 

- transforming a plant cell with the nucleotide construct, 
15 and possibly 

- regenerating a transgenic plant from the transformed 
plant cell. 

The present invention is also related to the 
plant obtained. 

20 

(Figure 1) 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION ! 



(i) APPLICANT: 



<C) CITY: PARIS CEDEX 16 
(E) COUNTRY: FRANCE 
<F> POSTAL CODE (ZIP): 75794 



(li> TIT pL2? 1NVENTI0W! »*»«> ™ INDUCING VIRAL RESISTANCE INTO A 



(ill) NUMBER OF SEQUENCES ? 4 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE i Floppy disk 
IB) COMPUTER; IBM PC compatible 

(C) OPERATING SYSTEM; PC-DOS/MS-DOS 

(D) SOFTWARE: Patent!* Rele**. #1.0, Version #1.30 (EPO) 



(2) INFORMATION FOR SEQ ID NO: It 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 357 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/ KEY: CDS 
<B> LOCATION : 1 . « 3 57 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: li 



s s 5 a a c - essse - 5 -» « « 

S 5 52 f S 5? S E 5 S E s - * s «- « 

25 30 

a S = S E S E s- 5 - - -E-S-; « . 

- ? - = - - si e £ - 

55 60 

= S K S E S E E E = E E 5 5 = ■» - 



70 ,r 

75 80 




AGT AGT CGA GTT GGG GAG CAA CTT ATT GTG TTA GCT ATT GTT TCT GTG 
Ser Ser Arg Val Gly Gin Gin Leu lie Val Leu Ala He Val Ser Val 
85 90 95 

TTA ATA GTG TCA CTA TTA CAA CGA TTA AGG TCT CCA CCA GAA CAC ATT 
Leu He Val Ser Leu Leu Gin Arg Leu Arg Ser Fro Pro Glu Hi ft He 
100 105 110 

TGT AAT GGT GCT TGT GGT TAA 
Cys Aan Gly Ala Cya Gly * 
115 



(2) INFORMATION FOR SEQ ID NO; 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 119 amino acids 

(B) TYPE; amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Mac Ser Arg Glu He Thr Ala Arg Pro Aan Lya Aan Val Pro He Val 
15 10 15 

Val Gly Val Cya Val Val Ala Phe Phe Val Leu Leu Ala Phe Met Git; 
20 25 30 

Gin Lya Hia Lya Thr Hie Ser Gly Gly Aap Tyr Gly Val Pro Thr Phe 
35 40 45 

Ser Aan Gly Gly He Tyr Arg Asp Gly Thr Arg Ser Ala Asp Phe Aan 
50 55 60 

Ser Asn Asn Hia Arg Ala Tyr Gly Cya Gly Gly Ser Gly Gly Ser Val 
65 70 75 80 

ser Ser Arg Val Gly Gin Gin Leu He Val Leu Ala He Val Sar Val 
85 90 95 

Leu He Val Ser Leu Leu Gin Arg Leu Arg ser Pro Pro Glu Hia He 
100 105 110 

Cya Aan Gly Ala Cya Gly * 
115 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A3 LENGTH: 357 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNES3 : single 

(D) TOPOI*OGY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 



(ix) FEATURE: 

(A) NAME/ KEY: CDS 



2 4263j^^*PJ2/ ++31 



<B) LOCATION : 1 . . 357 

(xi} SEQUENCE DESCRIPTION: SEQ ID NO; 3: 

ATG TCT AGG GAA ATA ACC GCT CGA CCC AAT AAG AAT GTG CCT ATT GTT 49 
Met Ser Arg Glu He Thr Ala Arg Pro Asn Lye Asn Val Pro He Val 
120 125 130 135 

GTT GGT GTT TGT GTT GTG GCT TTC TTT GTA TTG CTG GCG TTC ATG CAG 96 
Val Gly Val Cys Val Val Ala Phe Phe Val Leu Leu Ala Phe Met Gin 
140 145 150 

CAA GCA GCT GCG ACA CAT TCT GGG GGT GAT TAC GGA GTC CCA ACA TTT 144 
Gin Ala Ala Ala Thr His Ser Gly Gly Asp Tyr Gly Val Pro Thr Phe 
155 160 165 

TCT AAC GGT GGT ATA TAT AGA (SAC GGT ACA AGA TCA GCT GAT TTT AAT 192 
Ser Asn Gly Gly He Tyr Arg Asp Gly Thr Arg Ser Ala Asp Phe Aan 
170 175 IflO 

AGT AAC AAT CAT CCT GCT TAC GGG TGC GGT GGG TCT GGG GGT AGC GTT 240 
Set Aan Aan His Arg Ala Tyr Gly Cys Gly Gly Ser Gly Gly Ser Val 
185 190 195 

AGT AGT CGA GTT GGG CAG CAA CTT ATT GTG TTA GCT ATT GTT TCT GTG 296 
Ser Ser Arg Val Gly Gin Gin Leu He Val Leu Ala He Val Ser Val 
200 205 210 215 

TTA ATA GTG TCA CTA TTA CAA CGA TTA AGG TCT CCA CCA GAA CAC ATT 336 
Leu He Val Ser Leu Leu Gin Arg Leu Arg Ser Pro Pro Glu His He 
220 225 230 

TGT AAT GGT GCT TGT GGT TAA 357 
Cys Asn Gly Ala Cys Gly * 
235 

(2) INFORMATION FOR SEQ ID NO: 4: 

<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 119 amino acids 
<B) TYPE! amino acid 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met ser Arg Glu lie Thr Ala Arg Pro Asn Lys Asn Val Pro He Val 
15 10 15 

Val Gly Val Cys Val Val Ala Phe Phe Val Leu Leu Ala Phe Met Gin 
20 25 30 

Gin Ala Ala Ala Thr Hia Ser Gly Gly Asp Tyr Gly Val Pro Thr Phe 
35 40 45 

Ser Asn Gly Gly He Tyr Arg Asp Gly Thr Arg Ser Ala Asp Phe Aan 
50 55 60 

Ser Aan Asn Hia Arg Ala Tyr Gly Cys Gly Gly Ser Gly Gly Ser Val 



m 



6* 70 75 80 

Ser Ser Arg Val Gly Gin Gin Leu He Val Leu Ala lie Val Ser Val 
85 90 95 

Leu lie Val Ser Leu Leu Gin Arg Leu Arg Ser Pro Pro Glu His He 
100 105 HO 

Cya Aan. Gly Ala Cya Gly * 
115 
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19. Antral """( i B^flj T M if I 

VAN MALDEREN Michel, VAN KALDEREN Eric 
MEYERS Ernest 




3287 ATOlCiaGGGRAATAACaSC^^ 

MSREITARPNKNVPIVVGV C - 



3347 unuiuuiTnumuim ujiu^ n c m ^ 

VVAFFVLLAFMQQKHK THSG - 

3407 OGTCATTimSMnUXWCATI^^ 

GDYGVPTFSNGGIYRDGTRS - 

3467 GCIt^TITiaATAGTAftCARICA 

ADFNSNNHRAYGCGGSGGSV - 

3527 JgrftGTCGflGTTOGGCaGCA ^ 

SSRVGQQLIVLAIVSVLIVS - 

3587 CIATrAC&AQGAIITZAAGGTX^^ 3643 
LLQRLRSPPEHICNGACG* 



FIG, 1 



3287 ATGTCiaGGGAAATAaJCQCl^^ 

MSREITARPNKNVPIVVGVC - 

3347 GTiuii^TriiTiai/im oc ia^ n^ 

VVAFFVLLAFMQQAAATKSG - 

3407 GGTGATiaaaGfl iy iaxaft ^ 

GDYGVPTFSNGGIYRDGTRS - 

3467 GCTORTITTAAIftGTAACAATCA l^ ^ 

ADFNSNNHRAYGCGGSGGSV - 

3527 AGTftGTCGKSITQQGCftQCAK^ 

SSRVGQQLIVLAIVSVLIVS 

3587 ClaTTftCAACGATTAAQgiCIXXa 3643 
LLQRLRSPPEHICNGACG* 



FIG. 2 
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